Redundancy can be used to increase system reliability. The most popular type of redundancy, k-out-of-n system structure, finds wide applications in both industrial and military systems. A special type of this system is the consecutive k-out-of-n:F system C(k,n:F) which have been proposed for reliability evaluation and integrated circuits design, microwave relay stations in telecommunication system, oil pipelines systems, vacuum systems in accelerators, computer ring networks, and spacecraft relay stations.
denotes the g ℎ working component that belonging to state j with i failed components and ( − ) working components, is the maximum number of total components failures that a Lin/C (kP, nP: F) subsystem may experience without failure, ( , , ) is the number of ways allocating failed components such that at most − 1 failed components are consecutive,
Introduction
Redundancy is a technique widely used to increase system reliability. The k-out-of-n system structure is the most popular type of redundancy as it finds wide applications in both industrial and military systems. In the past decades, many articles concerning the reliability and availability of k-out-of-n systems have been published. For the reliability modeling of k-out-of-n systems it is 1. Corresponding Author Email: emelghamry@yahoo.com often assumed that the system consists of n units with identically and independently distributed life time. Researchers introduced efficient algorithms for reliability evaluation of both binary and multi-state k-out-of-n systems with arbitrary distribution of failure times of the failed components as Arulmozhi [1] .
A special type of k-out-of-n system is consecutive kout-of-n:F system C(k, n: F) which have been proposed for reliabilityevaluation and integrated circuits design, microwave relay stations in telecommunication systems, oil pipelines systems, vacuum systems in accelerators, computer ring networks, and spacecraft relay stations. C(k, n: F)is an ordered sequence of components in which the system fails if and only if at least consecutive components fail. Both parallel and series systems are special cases of consecutive k-out-of-n:F system. While the series system is equivalent to 1-out-of-n:F system, the parallel system is equivalent to n-out-of-n:F system. Chao [2] studied the failure distribution and the reliability of C(k, n: F)system with identical and non-identical components then Cluzeau [3] and Lin [4] presented a new method for computing the reliability of this type of systems.
Inconsecutive k-out-of-n:F system, components can be arranged logically or physically in an open line (Lin/C(k, n: F)) or a circle (Cir/C(k, n: F)) to perform a specific function. Different formulas have been proposed to determine the reliability of linear and circular consecutive k-out-of-n: F systems [5, 6, 7, 8] .
Recently, due to uncertainty and insufficient data, the conventional reliability analysis has been found to be inadequate for analyzing reliability of different models. Accordingly, fuzzy set theory introduced firstly by Zadeh [9] was used in this regard. Many researchers as in [10, 11, 12] focused on evaluation of fuzzy reliability of consecutive k-out-of-n:F system. Furthermore, Mon [13] made an analysis on this system with interval of confidence concept and Chiang [14] presented a new method for fuzzy system reliability analysis using fuzzy number arithmetic operations.
In this paper, we will propose a model of a unrepairable parallel system in which each branch is represented by Lin/C(k, n: F) with independent and nonidentical components. Also, the generalized expression provided by Barlow [15] to evaluate the reliability of any consecutive k-out-of-n:F system is discussed in Section2. In Section 3, we will discuss a method for evaluating the reliability of each component if the failure time followed the Rayleigh distribution with a fuzzy parameter by using the concept of (1 − γ)100% confidence intervals and the statistical data taken from random samples of each component. Next, in section 4, we will improve the expression mentioned in section 2 to evaluate the fuzzy reliability. Finally, in Section 5anumerical example was given for a model of parallel system with three branches if these branches were represented by different Lin/C (k,n: F) systems to illustrate the methodology of computing the fuzzy reliability of the system.
The Model Description and Reliability
First, a detailed description for our model is given as shown in Fig.1 
Where, ( ; , ) is the reliability of subsystem .
There are various methods for evaluating the reliability of each subsystem ( ; , ). One of these method provided by Barlow [15] is independent on the failure distribution of its components and is given by
Where,
The Fuzzy Component Reliability under Fuzzy Estimated Parameters
The Rayleigh distribution provides a population model which is useful in several areas of statistics, including life testing and reliability. Rayleigh distribution has a linearly increasing failure rate which makes it a suitable model for the lifetime of components that age rapidly with time. In the proposed model, the failure time of each component in the subsystem which is a random variable following Rayleigh distribution with three parameters θ l P is considered. Therefore, the reliability of component l in subsystem is given by ( ) ( ) = exp(− 2 2( ) 2 ⁄ ); = 1, 2,3 and = 1, 2, … ,
Classical reliability estimation in Rayleigh distribution is based on precise lifetime data. It is usually assumed that observed lifetime data are precise real numbers. However, in real world situations, the results of the experimental performance cannot always be recorded or measured precisely, however, each observable event may only be identified with a fuzzy subset of the sample space. Thus, it is necessary to generalize classical statistical estimation methods for real numbers to fuzzy numbers.
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RReliability Model Fuzzy Consecutive k-out-of-n: F System Let θ l P = (θ l P , θ l P , θ l P ) represent a triangular fuzzy number with the lower limit θ l P , the point estimation θ l P , and the upper limit θ l P of the triangular membership function θ l P ( ) are estimated by using random sample of each component with (1 − )100% confidence interval of this parameter, see [16] , as follow:
The relation is containing the normal distribution and the data is synthesized for each component in two statistics: a large sample size ; ≥ 30 and a total of square of test time∑ X 2
=1
. Also, the α − cut ofθ l P can be determined by
The System Reliability under Fuzzy Estimated Parameters
We can evaluate the fuzzy reliability function of our system by using the α − cut technique. First, construct the confidence intervals of the parameters ̃ which can be converted to triangular fuzzy number as given in equation ( ; , , )]
Numerical Example
To validatethe performance of our model, we followthe steps determined in Section. 5 to evaluate the fuzzy reliability function for a system with three parallel subsystems in whicheach subsystem is represented by / ( 1 , 1 : ), / ( 2 , 2 : ), and / ( 3 , 3 : ); 1 = 2, 1 = 4, 2 = 2, 2 = 3, 3 = 2, and 3 = 3 .
The life time of each component in all subsystems follows Rayleigh distribution with fuzzy parameters ̃; = 1, 2, 3. . By using equation (5),we can calculate the point estimation, the lower, and the upper limits of theseparameters applying the samples' statistical data taken from random samples shown in Table. 1.Furthermore, according to equation (6), the crisp intervals for these fuzzy parameters can be calculated at specific values of 's. After following the steps determined in section4, the system fuzzy reliability functioncan be obtained at arbitrary values α − cuts; α ∈ [0, 1]by substituting in model equations (7) and (8) then (9) .
As shown in Fig.2 , we can represent the system reliability function ̃[ , α] versus the time at α − cut = 0, 0.5, and 1graphically by using MAPLE program. Also,we canrepresent the reliability at an instant value of time t = 1.5 as shown in Fig.3 which can be approximated to be a triangular shaped fuzzy number.
Conclusion
In this paper, we proposed a model of un-repairable parallel system consisting of three subsystems. Each subsystem is a linear consecutive k-out-of-n:F system with independent but not identical components. While the failure time of each component follows the Rayleigh distribution with a fuzzy parameter that is represented by triangular shaped membership function estimated from statistical data obtained from random samples. We also modified Barlow algorithm for evaluating the fuzzy reliability of each subsystem then we easily obtained the fuzzy reliability of the system by using − technique and the results were drawn by using MAPLE software program.
According to the results, we found that for each value of α, the fuzzy reliability function wasn't a one curve as usual but each had infinite number of curves around a main curve in the crisp case evaluated at α=1 and all curves were bounded by the lower and upper limit curves at α= 0. In addition, the reliability can be approximated to be triangular shaped fuzzy number at specific value of time .
This model can be applied to a wide variety of industrial problems. As an extension to this work, we can develop other complex systems consisting of linear consecutive k-out-of-n:F systems with other fuzzy life time distributions.
